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(54) METHOD OF QUANTITATIVE ANALYSIS OF CHOLESTEROL 

(57) A method for quantitatively determining choles- 
terol in high density lipoproteins, in which, prior to the 
determination of cholesterol by an enzymatic method, a 
surfactant and a substance which forms a complex with 
lipoproteins other than high density lipoproteins are 
added to a sample containing lipoproteins. 

The method does not require any pretreatments 
such as centrifugal separation. With a simple operation, 
cholesterol in HDLs can be measured effectively. Also, 
this method can be adopted in a variety of automated 
analyzers, and thus is very useful in the field of clinical 
assays. 
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Description 

Technical Field 

The present invention relates to a method for measuring cholesterol in high-density lipoproteins, eliminating the 
necessity of pretreatments such as centrifugal separation and effectively providing simple analytical method while 
requiring only small amounts of a sample. 

Raf ftoround Art : 

Serum lipids such as cholesterols are bound to apoproteins and form lipoproteins. Upoproteins are categorized into 
chylomicrons, very low-density lipoproteins, lowndensity lipoproteins (LDLs), and high-density lipoproteins (HDLs) 
based on differences in physical properties. Among these lipoproteins. LDLs are known to be atherogenic, and HDLs 
are known to have anti-atherogenic action. 

As it has been proven epidemiological^ that the cholesterol level in HDLs inversely correlates to the frequency of 
onset of arteriosclerotic diseases, measurement of cholesterol in HDLs is quite common today for the purposes of pre- 
dicting and diagnosing ischemic diseases. 

Several methods are known to measure HDL cholesterol. In one method, for example, cholesterol is measured 
after separating HDLs from other lipoproteins using an ultracentrifugation. In another method, lipids are stained after 
they are isolated by electrophoresis, and the strength of color development is measured. However, these methods all 
involve problems such as intricate procedures, inability to handle many samples, etc.. and therefore, they have not been 
used routinely in clinical laboratories. . 

The most widely used method for measuring cholesterol in HDLs in clinical laboratories is a precipitation method. 
In this method, a precipitant is added to a sample to aggregate lipoproteins other than HDLs, the aggregated lipopro- 
teins are precipitated by centrifugation, and cholesterol present in a supernatant containing only HDLs is measured. 

Although this method is simpler than ultracentrifugation or electrophoresis, not all the analyzing steps can be com- 
pletely automated. Since it involves a separation operation using a centrifugation. Manual processes for obtaining a 
supernatant containing only HDL in this method increases the risk of causing analytical error and demand a relatively 
great amount of sample when compared to other automated clinical tests. 

On the other hand, methods using enzymes to fractionally determine cholesterol in HDLs are studied. For example, 
a method in which enzymatic reaction is carried out in the presence of a bile acid salt or a nonionic surfactant is known 
(Japanese Patent Application Laid-open (kokai) No. 63-126,498). This method is based on the finding that the enzy- 
matic reaction rate in the initial stage of reaction is in proportion to LDL concentration, and thereafter, to the concentra- 
tion of cholesterol in HDLs. This method cannot be said to be precise, since enzymatic reaction with cholesterol in HDLs 
cannot be completely separated from that with other lipoproteins. In other words, cholesterol subject to the enzymatic 
reaction shifts from cholesterol in LDLs to that in HDLs. not in steps manner but in a gradual manner involving partial 

^According to another known method, lipoproteins other than HDLs are aggregated in advance, and only the cho- 
lesterol in HDLs is enzymatically reacted. Thereafter, enzymes are inactivated, and the aggregated lipoprotein is simul- 
taneously re-dissolved to measure absorption (Japanese Patent Application Laid-open (kokai) No. 6-242.110). This 
method requires addition of reagent at least three times. Therefore, it can be applied to limited autoanalyzers only, rais- 
ing a drawback regarding range of use. In addition, in re-dissolving the precipitation, use of a high concentration salt is 
needed. Therefore, this method is not satisfactory from not only the view point of damage to the analytical apparatus, 
but also of difficulty in disposing the waste reagent. 

Accordingly, an object of the present invention is to provide a method for quantitatively determining cholesterol in 
high<ienstty lipoproteins which eliminates the necessity of pretreatments such as centrifugal separation, which effec- 
tively provides simple mensuration, and which can be applied to a variety of automated analyzers. 

Under the afore-mentioned circumstances, the present inventors have conducted careful studies, and have found 
that cholesterol in HDLs can be quantitatively determined efficiently using automated analyzers if a sample is subjected 
to enzymatic mensuration of cholesterol after it is mixed with a surfactant and with a substance which forms a complex 
with lipoproteins other than HDLs, leading to completion of the invention. 

Disclosure of the Invention 

The present invention relates to a method for quantitatively determining cholesterol in high density lipoprotein^ 
characterized in that, mensuration of cholesterol in a sample is performed after a surfactant and a substance which 
forms a complex with lipoproteins other than HDLs are added to the sample. 
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Rofl Mi yfe tor Carryin g Out the Invention 

The substance which forms a complex with lipoproteins other than HDLs used in the present invention can be any 
substance insofar as its affinity to HDLs is different from that to lipoproteins other than HDLs. Examples of such sub- 
stances include polyanions such as dextrin sulfate, phosphotungstic acid, and heparin; divalent metal ions such as 
magnesium ions and calcium ions; water-soluble polymers such as polyethylene glycol; and antibodies to hpoproteins 
other than HDLs. They can be used singly or in combinations of two or more. Among the possibilities, a combination of 
a polyanion and a divalent metal ion is preferred. 

The amounts of these substances to be used are not particularly limited, and differ depending on the kinds of sub- 
stances It suffices that these substances form complexes together with lipoproteins other than HDLs at the time of 
mensuration. Coagulation may or may not occur. For example, when a polyanion and a divalent metal ion are used in 
combination, it is preferred that the concentration of polyanion be 0.02 to 2 % by weight, and that of the divalent meta 
ion be 10 to 500 mM, after they are admixed with the sample. Particularly preferred is the case where concentration of 
polyanion is 0.05 to 1% by weight and that of divalent metal ion is 20 to 200 mM. 

The surfactant used in the present invention preferably has the inhibitory effect on the interaction between the 
enzymes used for the detection of cholesterol and lipoproteins, or in other words, the surfactant preferably does not dis- 
solve lipoproteins. Examples of such surfactants include polyoxyethylene alkylethers. polyoxyethylene aWe- 
nylethers, polyoxyethylene - polyoxypropylene condensation products, polyoxyethylene alkylether sulfates, and alky 
benzene sulfonates. Preferable examples of polyoxyethylene alkylethers include polyoxyethylene celylether (HLB 14) 
(as commercial products, there are Emulgen 220 manufactured by Kao Corp.. etc.). Preferable example of polyoxyeth- 
ylene alkylphenylethers include polyoxyethylene nonylphenylether (HLB 15) (as commercial products, there are Emul- 
gen 913 manufactured by Kao Corp., etc.). Preferable examples of polyoxyethylene - polyoxypropylene condensation 
products include commercially available Pluronic F88 manufactured by Asahi Denka K.K. Preferable examples of poly- 
oxyethylene alkylether sulfates include sodium polyoxyethylene laurylether sulfate (as commercial products, there are 
Emal 20C manufactured by Kao Corp., etc.). Preferable examples of alkyl benzene sulfonates include sodium dodecyl 

benzene sulfonates. ... * » 

These surfactants may be used singly or in combinations of two or more. Although their amounts are not particu- 
larly limited, that are preferably used in such amounts that concentration after being mixed with a sample is from 0.01 
to 5% by weight, particularly preferably from 0.05 to 1% by weight. 

In the present invention, a surfactant and a substance which forms a complex with lipoproteins other than HDLs are 
first added to a sample. The two materials may be added as one reagent after being blended, or they may be added as 
two separate reagents. , „ .. . . 

Next the sample to which has been added a surfactant and a substance which forms a complex with lipoproteins 
other than HDLs is subjected to a direct determination of cholesterol. That is, no pretreatment such as centrifugation is 

35 required. . . 

Any known enzymatic method may be used for measuring cholesterol. For example, cholesterol esterase and cho- 
lesterol oxydase may be combined and used as enzyme reagents. Alternatively, cholesterol esterase and cholesterol 
dehydrogenase may be combined. Among enzymatic methods, methods employing a combination of cholesterol este- 
rase and cholesterol exidase are preferred. 

40 After adding an enzyme, the amount of signals within a certain period of time is measured, thereby determining the 
concentration of cholesterol. In order to enhance the accuracy of analysis, signal amounts between two fixed points of 
time after addition of enzyme may be compared (2 point method). For the calibration purpose, a sample with known 
HDL value is analyzed similarly. 

The method for determining cholesterol in the final stage following addition of enzyme reagent, etc.. is not particu- 

45 larly limited. For example, an absorption analysis in which peroxydase and a chromogen are combined may be used as 
well as methods detecting coenzymes or hydrogen peroxide. 

Examples : 

The present invention will next be described by way of example, which should not be construed as limiting the 
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present invention. 
Example 1 



Using serum samples Nos. 1 to 10 containing lipoproteins, cholesterol in HDLs was determined by the present 
invention and by a conventional precipitation method, and the obtained data were compared. The results are shown in 
Table 1. 

Briefly 4 ul of a sample was combined with 300 jil of a reagent containing 0.2% of phosphotungstic acid, 100 mM 
of magnesium chloride, and 0.5% of a polyoxyethylene - polyoxypropylene condensate (Pluronic F-68. manufactured 
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^ a „m nonko K K 1 Then 100 til of a cholesterol mensuration reagent containing 0.2 U/ml of cholesterol esterase, 
0 y 2 S X^^S^oi u£- of peroxydase. 0.04% of N.N<iimethylm e tatol U idin e . 0.05% of *a = nti- 

I in rfi% Trton £l00 was added. Subsequently, the change in absorption at 545 nm was monrtored. obtan ng 
ZSZ^^SSSSZ wS by comparing the change in absorption wfth that given v*h a samp.e hav,ng 
aTsio^ SS- value. The above operation was performed using a Hitachi model 7150 autoanalyzer. 

i„ HMerminina cholesterol in HDLs independently using a precipitation method. 0.2 ml of an aqueous solution con- 
taining^ 

W SnSr 10 mLes. 50 ul of a supernatant was collected and mixed w,* 3 rn. of a 
^SSiS!!!!^^ P^ared as described above. foHowed by incubation at 37'C for 10 mmutes. Absorp- 
tion at 545 nm was measured to obtain the concentration of cholesterol in HDLs. 

Table 1 





Sample 
No. 


Concentration of cholesteroUrng/dl) 


15 




invention method 


precipitation method 




1 


79 


80 




2 


65 


64 


20 


3 


64 


64 




4 


64 


58 




5 


15 


18 




6 


81 


88 


25 


7 


47 


48 




8 


38 


38 




9 


47 


46 


30 


10 


33 


32 



35 



40 



45 



From the results in Table 1. it is understood that although the method of the present invention is simple, the values 
obtained were comparable to those obtained by the conventional method. 

Example 2: 

Using samples Nos. 1 1 to 20 cortaining lipoproteins, cholesterol 
and byTcc^Tntilnal precipitation method, and the obtained data were compared. The resute are shown .n Table 2 . 

*!£Zi of a sample was combined with 300 u. of a reagent centring 0.2% of ph^otungstic ac ^8g7l of 
dextran .sulfate. 100 2 of magnesium chloride, and 0.2% of a polyoxyethylene - polyoxypropylene ^ensate 
?F^uronic ; F«8 manufactured by Asahi Denka K.K.). Then. 100 pi of a cholesterol mensuration reagent same as that 
usSeSeTS added. Thereafter, by a method similar to that in Example 1 . the concentration of cholesterol n 

HDLs was obtained. ■ 

Separately, a precipitation method was performed as described in Example 1 . 
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Table 2 
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Concentration of cholesterol (mg/dl) 
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Industrial ftppiicabiirtv 

method is very useful in the field of clinical assays. 
35 Claims 

added is directly subjected to determination of cholesterol. 

, Th. m«hod tor ..u.ntaaBvrty da-minina ehol«t«<»l in NghdensKy npopro«Hr« acoortiTO «» an, on. o. Clai™ 1 
„ ' t WoU jh3.wta«nthesu1aaartdoesn«dis«^ 

are used in combination. 



40 



2. 



45 3. 



5 



EP 0 753 583 A1 



INTERNATIONAL SEARCH REPORT 



FIELDS SEARCHED _ 

Mini™- 4om*e*»*o**«*«4 (dmifiotioo .yu» lollowrf by du.ifie.tio. symboU) 

int. CI 6 C12Q1/60, 44, 26 



IriternetionaL application No. 
Pa/0P95/d0641 



A. CLASSIFICATION OF SUBJECT MATTER 
Int. Cl« C12Q1/60, 44 , 26 
According to International Patent amotion (IPC) or to both national dassificatton and IPC 



Electronic data base 



consult duriog the international search (name of data base and. where practicable, search terms used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category - 



A 
A 



Gtation of document, with indication, where appropriate, of the relevant passages 



JP, 6-242110, A (Kokusai Shiyaku K.K.), 
September 2, 1994 (02. 09, 94) (Famxly: none) 

JP, 63-126498, A (Boehringer Mannheim GmbH.), 

May 30, 1988 (30. 05. 88) 

& EP, 265933, A & DE, 880511, A 



Relevant to daim No. 



1-5 
1-5 



□ Further documents are listed in the continuation of Box C □ See patent family aanex. 



Special categories o( died documents: 
-A" do«mMideOoi a gtk«fe»etmIst»i» of the art which fceoteoasidered 

to be of particular rclevuos 
■E- eartierdoenmest but publisbedoa or after the InternaUotial fiUng date 
-L" document which nay threw doabts oo priority elun(s) or whick b 
SSTesttbtish publication date of another citauon cr other 
special rcasoa (as specified) 
-0" doouneot referring to an oral dtadosare. me, exhibition or other 



T- doomed published prior ft? the iatemauoMl filing date but later th»o 

the priority date claimed 



T- later docaffleBlpubU*beda(iCTlbe interna uoaal GUo« da4e or priority 
deto wd^ SSaflicl with the appUcatioa ladled to tmderstood 
the priocipie or theory underlying the levcatiou 
-X- document of particular relcvaoce; the daimcd i«veotk>D * 
SSSe^ iivel or cannot be considered to involve aa inveauw 
step when the document is token alone 

-Y- documeot of particular rclevaooc; the ^^^^Si k 
considered H iinvolv* an inventive step wbea thedocumeal is 
SnSnedwithoneornoreothersoch documents. WK*oombuuuoa 
being ©bviou* to i person skilled in the ait 

***" document member of the same pauot family 



Date of the actual completion of the international search 

June' 2, 1995 (02. 06. 95) 



Date of mailing of the international search report 
June 20, 1995 (20. 06. 95) 



Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 



Authorized officer 



Telephone No. 



Form PCTASA/210 (second sheet) (July 1992) 



6 



